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Abstract 

We present an Equivalence Theorem for the longitudinal components of the gauge 
bosons in a compactified five dimensional extension of the Standard Model, whose 
spontaneous symmetry breaking is driven either by one Higgs in the bulk or by one 
on a brane or by both together. We also show some implications for the unitarity 
bounds on Higgs masses. 


1 Introduction 

There has been recently a growing interest in theories with large and extra large dimen¬ 
sions motivated by the multidimensional unihcation of gravitational, strong and elec- 
troweak interactions through string theory. Special attention has been devoted to the 
brane picture where ordinary matter lives in four dimensions while gravity propagates in 
the bulk. Specihc models relating the solution to the hierarchy problem to the existence 
of a large volume for the n extra dimensions [1] or to an exponential warp factor in a 
Eve dimensional (5D) non-factorizable metric [2] have been suggested; as in all Kaluza 
Klein (KK) theories the compactihcation process produce a tower of graviton and scalar 
excitations, whose phenomenology has been studied in [3]. 

In addition there are realizations where also the gauge interactions feel some extra 
dimensions, parallel to the brane: supersymmetric 5D Standard Model (SM) extensions 
have been proposed, where the supersymmetry breaking scale is related to the compact¬ 
ihcation scale which therefore turns out to be in the TeV range [4]. Many formal and 
phenomenological aspects of these models have been investigated; in particular these mod¬ 
els contain KK towers of excitations of the W, Z gauge bosons, of the photon and possibly 
of the Higgs. Lower bounds from the electroweak precision data on the compactihcation 
scale of these models, when fermions are localized on the brane or in diherent points of 
the bulk, are in the range of 2-5 TeV [5, 6]. These bounds become much weaker, 300-400 
GeV, when all particles live in the bulk [7]. 
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Recently the unitarity of 5D Yang Mills theories has been considered [10], proving 
a theorem similar to the standard Equivalence Theorem (ET) [11, 12] that relates at 
high energies the longitudinal components of gauge bosons to their associated Goldstone 
bosons (GB). In the unbroken extra dimensional Yang Mills case, what has been shown 
is the equivalence of longitudinal KK gauge bosons and their corresponding 
components of the 5D gauge helds. 

The aim of this work is to show this equivalence in the case of spontaneously broken 
5D extensions of the SM. The main subtlety in the proof is that, the usual SM would-be 
GB can mix with KK states. In section 2, using the formalism of the non supersymmetric 
5D SM and its compactihcation to four dimensions, we identify those GB and KK 
combinations that couple to the gauge field derivatives in the gauge hxing term. From 
here proceeds the standard proof of the ET in the gauge that relates the scattering 
amplitudes between longitudinal KK gauge bosons and those of their corresponding Gj^y 
T{VL(m)^^L{n)^- ■ ^ ,...) +0(Mfc/E), Mk being the biggest one of the 

masses of the KK gauge bosons. Finally, we illustrate the use of the ET to calculate 
the hE;]"(m)^L(n) ^L{p)^L(q) Scattering amplitudes for the channel. These amplitudes 

are relevant to investigate how the partial wave unitarity limit on the mass of the Higgs 
is modihed by extra dimensions. Some aspects of this problem have been addressed in 
particular by studying the effect of the radion in the HH [8] or in the amplitudes 

[9]. In section 3 we calculate the amplitudes in the case with just one Higgs in the bulk, in 
section 4, with just one Higgs on the brane and hnally, in section 5 we study the general 
case with one Higgs on the brane and another one in the bulk. 

2 The Equivalence Theorem for 5D fields 

We consider a minimal 5D extension of the SM with two scalar helds, compactihed on 
the segment /Z 2 , of length ttR, in which the SU{2)l and U{1)y gauge helds and the 
Higgs held $1 propagate in the bulk while the Higgs held ^2 lives on the brane at y = 0. 
The Lagrangian of the gauge Higgs sector is given by (see [6] for a review) 

r27vR r r27vR /* r 1 1 

dyJdxC{x,y) = dyj dx{--BMNB^^--F^j,F^^^ + CGF{x,y) 

+ + 6{y){D,<l>2)\D>^<l>2) - K(<hi, $2)}, ( 1 ) 
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where M = /i, 5, Bmn, are the U{1)y and SU{2)l held strengths and a is the 

SU{2) index. Note that <hi has energy dimension 3/2, whereas $2 has dimension 1. The 
covariant derivative is dehned as Dm = Qm — For simplicity we 

will consider a Higgs potential symmetric nnder the discrete symmetry $2 “*^ 2 , which 

is given by 


H($1,$2) = + 5(|/) + ^A2($^$2)' 

+ Ia® ($I$i)($^$ 2 ) + ^Af ($I$ 2 )($^$i) + Af)($I$ 2 )' + h.c.], (2) 

where the dimensionalities of these conplings are: 1 for /ii and /r 2 , -1 for Af\ A^^^ A® and 
A 5 ^\ whereas A 2 is dimensionless. Also for simplicity, we will reqnire A^^^ + A^^^ + 2 A 5 ^^ = 0, 
which ensures that the minimum of the potential corresponds to the constant conhguration 
$1 = (0, ui/VdTri?), $2 = (0,n2/v^), where vl = —27ri?/i^/A® and In this 

way, the Higgs helds are expanded in the standard form 


^i{x,y) = 




^oix) = 


V ^*^^2 + h2-i7r^) 


(3) 


V V2 Vm 

where following the standard two Higgs notations V\ = v cos P,V 2 = v sin (3 are the vacuum 
expectation values of the scalar helds and = {y/^G f)~^■ For brevity we will use the 
notation cp = cos /?, sp = sin p. 

The gauge hxing Lagrangian CcF{x,y) is 


CGF(x,y) = - ^(F(B))^ 


(4) 




d^Al - - 


QbVSfs 






2VM 


n'^S{y) 


3 g^VSp n 


2^2^ 


KV) 


where, in order to avoid a gauge dependent mixing angle between the physical Z and the 
photon, we have chosen the same ^ parameter for the and helds. Let us now 
recall that the helds living in the bulk have a Fourier expansion, which is: 

for X = A“, uj°', hi, whereas for Y = Ag, B^ it is 


Y{x,y) 



( 6 ) 


3 



( 5 ) ( 5 ) ( 5 ) 

Note that the condition A 3 + A 4 + 2 A 5 = 0 yields a diagonal Higgs mass matrix: 

= 2v‘f\i, ml^ = 2v^\2, where Ai = Xf'’/{2 tiR). 

Similarly to the SM case in four dimensions, we dehne the following charged and neu¬ 
tral held combinations ^ iA\j)/^/2, Zm = - g^B m ) / \/gf+^, 

Am = ( g'^ A\^ -f- g^BM )/\lgl + After integrating out the compactihed hfth dimen¬ 
sion y, the mass matrix Af y of the gauge bosons and their KK excitations has the following 
(TV -|- 1) X (iV -|- 1) generic form (with N 


00 


I riR + dl \/27rA 


(H(o),H(i),H( 2 ),...) 


^/2m? 

\/2w? 2W? + d\ \/2riA 


\ 


V 2 : 


m 


\/2m? 2m? -|- dl 


V 


( V(0) \ 
Vm 
^( 2 ) 

V ; ) 


(7) 


where m? = mySp and do = ^vcy, d„ = {n/RY + d^. In particular, for V = hh^, miy = 
gv/2, whereas for V = mz = + g'^'v/2, with g = g^/^f 271R and g' = gy\/2 ttR. 

Note that for the photon m = = 0, the mass matrix is already diagonal, the photon 

has zero mass and for its associated KK states the masses are given by mA{n) = n/R. 

For the V = Z^ case. My is diagonal when = 0 and when sy ? Q \t has the 
following eigenvalue equation 


^Vin)-do = 


m 


A^—>00 


^?in) - do 


N — ^2' 

1 + 2E r Z 

ml,. - di 


i=l "V(n) 

TT m^ R cot {n R\Jmy^^~^ — dg) , 


so that it can be diagonalized with RyMyRy = cliag{my(Q), • ■ ■}, where 


Pv = 


uoidl 


Up 

V2 


m 


V{0), 


df — 


V( 0 ) 


Mo (do 


m 


V{0), 


dl - Mr^(o) 


V 


is a (TV -|- 1) X (iV -|- 1) matrix and 


Uj = 


\ 


N 


AN 

2 = 1 


dp - 

df - 


n 2 


U, 


?dl 


tin 

72 

m 


\ 


V{n)/ 


dl - ml^^^ 
Un{dl - 

dl - M^y(n) 


2m^ 


( 8 ) 


(9) 


\/^vij) -dl^m‘^{l + TT^R^m^) + - dg’ 


( 10 ) 
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where we have used, in the iV —> cx) limit, the following series 

^ al - ’"?■(,))" 1 r ’4o) - il ^2 P'2,^,2 j2, . W(2) - 4)"1 , , 

Thus, the gauge boson mass eigenstates are V{n) = {Pv)nmV{m)- 

After integrating out the hfth dimension, and by separating the charged and neutral 
held combinations, the gauge hxing conditions in eq. (4) become 


1 “ 

£GF(n = -^E 2 

n=0 


^1 2 2 n+ 

— + mlrc} G+) - V2 




^n,0 Q 

rrizS/sn 


mws/i 


+ ^\n) 


where T ), T )• We have also dehned 

<^fo) = -^fo)> ^fn) = C n > 1, 

Gffd) = ^5(n) + n>l, (12) 

where = —mvCfs/^ri^/B? + myCp and = {n/R)/^-n?/B? + rriycjj. In general, for 
the calculations of amplitudes we would also need the orthogonal combinations 


= -On »?(„) + 


®(n) — 


-^n ^ 5 (n) +C^wf„), n>l. 


Note that, as commented in the introduction, the usual GB and their KK excitations are 
mixed with the KK states of 14^5^ and Z^, in the gauge hxing term. 

Once we have written the gauge hxing helds in the charged-neutral basis, in or¬ 
der to hnd the GB mass eigenstates it is very convenient to rewrite the gauge hx¬ 
ing in a more compact matrix form including all the KK excitations. For the sake of 
brevity, we gather the gauge bosons in an N-l-1 dimensional vector = (V)o), • • -Y, 

where now V = W^,Z,A, whereas the GB and the pseudoscalars are gathered in the 
N-l-2 dimensional vectors = (tt^, G)^^, .. .)*, = (tt^, G^^, G^^, G^^, .. .)*, 

G^ = (0, 0, ^ 5 ( 1 ), As ( 2 ),.. .)*. With these dehnitions 

Ggf(x) = |2 - eMf G+f - G^f - G^|'|, 

the {N -|- 1) X [N 2) dimensional matrix being generically of the form 

/ —m do 0 0 • • • \ 

— \/2m 0 di 0 

Mvi= _y2m 0 0 d2 ... 
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The gauge-fixing term provides a gauge-dependent mass term for the would-be GB 
-iG+Mivi-G- - iG'^'Ml^G '^/2 - iG^^M\G^/ 2 , with 


My^ = My^My^ — 


—mdQ 
— ^/ 2 mdi 

V ; 


-mdo 

dl 

0 


-\/2mdi 

0 

d\ 


\ 


) 


( 15 ) 


being a {N -|- 2) x {N + 2) matrix, whose eigenvalues are the same as those of Aly, plus a 
zero. For the photon that matrix is already diagonal, whereas for the V = W^, Zfj_ cases, it 
can be diagonalized to QyAiy^Qy = diag{0, • ■ ■} using the (iV-|-2) x (iV-|-2) 

orthogonal matrix: 


Qv — 


( q-i/m 
Q-i 
do 

V 2 q_i 


qo/m 

doqo 


qi/m 

doqi 


\ 


dl 


m 


V{0) 


dl 


m 


V(l) 


V2diqo V2diqi 


dl dl 


m 


V(0) 


dl 


m 


V{1) 


(16) 


where 


q-i = 


m 


1 N i^i-Sio' 

- + T. 


- 1/2 


i=0 


dl 


= 


1 ^ 

^ § (dl 


2l-<5i,o^2 


- 1/2 


m 


v(j)) 


(17) 


Let us remark that the rotations to obtain the gauge field mass eigenstates, Py, are 
different from those of the would-be GB, Qy. Gonsequently there could be a modification 
to the ET that relates amplitudes of longitudinal mass eigenstate gauge bosons, = 
Py V^, with those containing would be GB, = Qy in the gauges. As it is well 
known, the ET follows from the gauge-fixing Lagrangian [11, 12], which, in terms of mass 
eigenstates, is now written as 

Cgf{x) = -^{2 d,W+>^-^P^M^QwG+\ d^Z>^-^P^zM^QzG^" 

+ G^p} (18) 


In this way it may seem that the n mode of the gauge field eigenstates could mix 
with all the Amazingly, the are related to the Ui (also for finite N): 

dl-mlii) 

qi = — 7 ^ - —Ui, (19) 




myy) 


6 



which allows us to write: 


< 0 my(o) 0 ... \ 

PyMy^Qy= 0 0 my(i) ... (20) 

v; ; : ■■.) 

and therefore there is no mixing between the iV + 1 gauge bosons and the N + 2 GB 
unless n = m. In other words, the longitudinal components of the will “eat” 
only the corresponding which is an eigenstate of the gauge-dependent GB mass 

matrix. In particular, the G'^-i) are not GB combinations “eaten” by the longitudinal 
gauge bosons, but remain in the physical spectrum as the physical charged and neutral 
pseudoscalars. We can thus write simply: 

CcFix) = -^ E I 2 

[aGr„, - emzwGfn)]'} ■ (21) 

Once identihed the G^^^ helds that couple diagonally with the derivatives of the gauge 
boson mass eigenstates, the ET proof proceeds as usual [11, 12], simply by substituting 
Vl Vl and the would-be GB by G^. Therefore we arrive at 

r(b‘(„|. hV). ■ ■ ■) ^ ,,,) + 0(A4/B) (22) 

Mfc being the biggest one of the my(^rn),^v{n)--- uiasses, and the = 1 -|- 0{g) account 
for renormalization corrections (see the last three references in [11]). 


3 The 5D SM with one Higgs on the brane 


Let us study first the simple case of a single Higgs on the brane, which is obtained from 
the general case by taking the cp, 0, i = 1, 3,4, 5, /ii —cx) limit. As an application 

of the ET we will illustrate how to calculate the lE!(m)^L(n) ^L{p)^L{q) amplitudes, 

with m, n^p^q > 0, which are thus related to Tmnpq = G'^m)^~(n) other 

things, these amplitudes are interesting to obtain bounds on the Higgs masses from tree 
level unitarity. Similarly to what it is done to obtain the unitarity limits in the SM, we 
are only interested in the lowest order calculation in the gauge couplings g and g'. 

We have decoupled the uj helds, so that 0 and = (tt^, 0, 

Moreover, since and in this case do 0; Q(-i)/do —1 so that 


^f-i) 


Gp) = qi 


n/R 

^ {n/ny - T 


-Kn) 


i > 0 
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Furthermore the scalar potential now only depends on <l> 2 - After integration on the 5th 
dimension, the relevant coupling terms for the amplitude above are the usual A2(7r’''7r“)^ + 
2\2V2TT~^TT~h2. Note that in this case it is enough to look for couplings of the tt helds 
since there is no coupling of gauge held components to the $2 scalar sector in 

$2)^-0^$ 2 ; but only a mixing from the gauge hxing. Thus by substituting = 
T,f=o{(li/'nT-w)Gf-^ in the coupling terms, we hnd, for > mw{m),'rnw{n),'mw{p),mw{q) 


Tmnpq ^ G 


2 Qm Qn 


% Qq 


+ 


t 


t — m 


(24) 


^2 . 


- mw mw mw mw — ^^2 
In particular, for the scattering of longitudinal zero modes, we hnd the very same SM 
amplitude [12], but corrected by a factor 

2 


Qo 


T = 




~ 1 - + 0{m^R^), (25) 


where we have used eqs. (19) and (10). In the last step we have also used the small R 
approximation ~ m^(l — 7r^i?^m^/3) obtained by expanding the 0 limit of 

the eigenvalue equation in eq. (8). As long as i? > (3TeV)“^, the corrections are rather 
small: 0{m^rR^) ~ 10“^. 

Nevertheless, we next show that the modihcation from the four gauge boson ampli¬ 
tudes can be even smaller. As a matter of fact, the complete study of the unitarity bounds 
involves amplitudes also with the Higgs or the and Z gauge bosons. In particular, 
one is interested in the largest eigenvalue of the matrix made of all these amplitudes. 
The complete analysis of the unitarity bounds lies therefore beyond our applications of 
the ET. However the ET will allow us to calculate the block of Tmnpq amplitudes in the 
s, f > cx) limit 


^ ^0000 

^0010 

^0001 

^0011 

... \ 



qIqi 

q^qi 

qWi 

... \ 


T'lOOO 

Tioio 

^1001 

Eloii 


/t 

qIqi 

qU 

qlql 

qoqf 



TolOO 

Toiio 

Toioi 

Eoiii 


-" * /K 4 


qhl 

qhl 

qoqf 


(26) 

T'llOO 

Eiiio 

Eiioi 

Tim 




Qoqf 

qoql 

qf 



V ^ 













It can be shown that the largest eigenvalue is —iAml^Gpiqo + Qi + ■■■)‘^/ (v^^w) 

therefore the SM value is modihed by a factor 



( 27 ) 







2 


~ 1 




m^n'^R^ + Am^R^ ^ ^ 0(m^i?^) ~ 1 + 0(m^i?^) 


k=l 


where we have approximated my/{k) — k/R for k > 1 and small R. 

We stress that, as long as s 3> ^w{n)^^\{n)^ same matrix pattern of eq. (26) 
occurs for any other four-gauge boson amplitude matrices, and therefore, at least in the 
gauge sector, the same strong cancellations up to 0{rri\yR'^) will occur. 


4 The 5D SM with one Higgs in the bulk 

Let us then study the other limiting case when there is only one Higgs in the bulk, which 
is obtained from the general case by taking the S/ 3 , A 2 , A® —> 0, i = 3,4, 5, /i 2 —> cxd 
limit. Note that m = 0 and therefore all the M.y and M.y^ matrices are already diagonal. 
Physically, this means that there is no mixing between any KK mode of different KK 
level. Thus, everything is simpler since V = V and , with C /3 = 1 in eq. (12). 

As before, we will calculate the ^L{p)^L{q) amplitudes, with m, n,p,q > 

0, which, at high energies, are related through the ET with T^npq = ^('m)^{n) ^(p)^(<?)' 

Once more we are only interested in the lowest order calculation in g and g' and thus 
we do not need the uuV couplings. Therefore, the only relevant interactions come from 
the scalar potential and are given by 

(^(0)^(0))^ + ^(0)^(0)'^H^(n) + ^(0)^(0)'^(n)^(n) + ^^(0)^(0)^in)^in) + 

+v^(^ro)^H^(m)^J) + h.c.)A 3 {m,n,p) + n,p, g) 

+2t'i(a^(o)^(o)^i(o) + a^(n)^(o)^i(0 (o)) 

+ ^^im)^(n)hiip)^3{m,n,p)} (28) 

where we have used the usual convention of a summation over any repeated index, with 
n,m,p,q > 1. In addition, 

^'iim.jTl.jP') (^m+n T ^vn+p + C" (29) 

A4(m, n, p, <,) = + a+,.+, + C+P+, + CA + Cy, + KZ + C”*"- 

In principle, for our calculation we should recast the above expressions in terms of the 
mass eigenstates, which in this case are the G and a helds in eqs.(12) and (13). However, 
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since there is no coupling, and that of Z is of higher order, there is no 

G^G~a^ coupling at leading order. Therefore, it is enough for our purposes to substitute 
in eq. (28): ^fn)^ coupling directly. Note 

that Tqooo is exactly the same as that of the SM, but all the other T^upg amplitudes are 
0{mlyR‘^), since they contain at least two . However, it is possible to show that the 
corrections from the longitudinal gauge sector to the tree level unitarity bounds on the 
Higgs mass are indeed Indeed, the dominant terms at s,f —> cx) are given 

by the quartic couplings, because the other diagrams are suppressed by hi propagators, 
thus: 


^ ^0000 

^0010 

^0001 

^0011 

^1000 

^1010 

^1001 

7 " l 011 

^0100 

^0110 

^0101 

Tom 

^1100 

7 " lll 0 

7 " ll 01 

Tim 


... \ 


—iAm\^GF 


/ 1 0 0 (sf )2 ...\ 

0 (sf )2 (5^)2 0 

0 (sf )2 (sf )2 0 

(sf)2 0 0 3(sf)72... 


\ : I I I V ; : : : 'd 

(30) 


which, for small R, has a characteristic polynomial (in the N x N case), (1 — A) (A*-'^ + 


0{rn^R^)\^^ . .)+0(m7.R"^)A^ ^ = 0, and hence the largest eigenvalue is—i4m^jG'ir/(v/2)(l+ 

0{m^R!^)), the others are 0{m^]^) or zero. Therefore, only considering states of the 


Kaluza-Klein gauge sector, the corrections to the tree level SM unitarity bounds are 
0(m7.R‘^). That is less than 10“® for models where R > (3TeV)“^ [5, 6]. Even in the 
case when all helds live in the bulk [7], when R can be as small as 300 GeV, the corrections 
from these states could not be larger than 1%. 


As a matter of fact, the full unitarity analysis should be carried out also with the 
^( 0 ), hi(o) and their KK excitations, as well as the helds. However, all other matrix 
amplitudes for two-gauge-boson scattering have the same structure so that we hud again a 
very tiny correction to largest eigenvalue from the pure Kaluza-Klein gauge sector blocks. 
The amplitudes involving Higgs or helds are not calculated with the ET and lie 
beyond the scope of this work. 


5 One Higgs in the bulk and one on the brane 

Let us now study the complete potential in eq. (2), with the scalar held <hi in the bulk and 
<h 2 on the brane, using the full formalism and notations given in section 2. Once more, as 
an application of the ET, we will study the '^L{p)^L{q) amplitude, which. 
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again, is related to Tmnpq = ^ ^(p)^(<?)- 

As in the previous cases, the dominant unitarity violation in the s,t ^ oo limit is 
given by the quartic couplings from eq. (2). They are obtained by rewriting 
in terms of inverting eqs.(12) and (13), and then using = Qw^^. This amounts 
to the following substitutions: 


TT 

OJ 

U 


± 

(0) 


± 

(n) 


^(0) ^(1) “T • • • 

m ^ ’ m ^ ’ 


do go 


do 


m 


V2. 


W{0) 

dn go 


Alt 


do gi 


0 


m 


■G%) 


" Ld 2 


W{1) 

Alt _|_ dn gi 

di — m?. 


W{1) 



+ ... 


(31) 


In this way we have reexpressed the potential in terms of the would-be GB; G)^), Gfi-^.... 
Note that we are not interested in quartic couplings with G^y^^ because it is not a would- 
be GB and is not “eaten” by any longitudinal gauge boson. After some tedious but 
straightforward calculations, we hnd, up to 


^ dAoOO 

doolo 

doool 

dooil 

... \ 


{ dlgo^ 

Hg3gi 

Bqlqi 

c^go^g? 

... \ 

d'lOOO 

d'lOlO 

d'lOOl 

d”l011 



Hg3gi 


CqWi 

0 


dolOO 

doiio 

doioi 

doill 


s—>oo ^ 

Hgggi 

CqWi 

CqWi 

0 


d'llOO 

d”lll0 

d”ll01 

d”llll 



CqU 

0 

0 

0 


V ^ 




) 


V ^ 




/ 


(32) 


where. 


A = 


4Aid^ 


m 


+ 


4 A, 


w(o)J 




B = 


4 A, 




G = ^ + 0{ml,R^) 






(33) 


The largest eigenvalue (compare with eq. (27)) is now given by : 


Ago -h 


2B‘ 

~A 


! OO 

-go£g*^ + 0(m^i?^) ~ 
2 = 1 


(34) 


4Gi 


A 

^hi' 


4 ,. 


h+ 




{mwRy 


— m 


2 12 
h2. 


|m|iC| -f 






Hence, in the general case we find that the strong cancellation of the simple cases studied 
before, which are recovered in the and —> 0 limits, does not occur, and, unless 

m/ll = ^h 2 , there is an 0{rn^R^) modihcation to the SM result from the pure gauge 
sector. 
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6 Conclusions 


In this work we present a generalization of the Eqnivalence Theorem between longitudinal 
gauge bosons and Goldstone bosons to the case when there is one extra dimension and 
the Standard Model gauge symmetry is spontaneously broken by a Higgs field in the bulk 
and another one on the brane. The main difficulty is the identification of the would be 
Goldstone bosons, which are a mixture of the familiar Goldstone bosons with their own 
Kaluza Klein excitations and those of the fifth component of the gauge bosons. 

The Equivalence Theorem turns out to be a powerful tool to obtain simple expressions 
involving longitudinal gauge bosons as we have illustrated by calculating their scattering 
amplitudes in several cases. The ET has allowed us to show that the modifications from 
pure longitudinal gauge boson scattering to the tree level unitarity bounds of the SM 
are generically small and in the one Higgs limiting cases can suffer from even stronger 
cancellations. 

Our results open up the possibility to tackle the full matrix needed for the complete 
unitarity violation study, including also amplitudes involving Higgs fields [13]. 
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